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In recent. ;years the tremendous developments in bio- \! 
ii 
chemistr;y and the field of nutrition, have corresponding ~ 
focussed greater attention upon the decomposition of proteins~ 
r 
• II into amino acids. A surve;y of possible laborator;y experi- ij 
I 
ment.a coTering this phase of these two subjects demonstrated j) 
j: 
a paucity of material~ written simpl;y and definitel;y, so as j; 
1: to be available for an elementary course. It seemed, there- il 
fore, desirable to to atud;y this material aa it related to 
some particular amino acid that would lend itself to such 
a prospect - improving and simplifying - wherever possible. 
Tyrosine was picked aa the particular amino acid to be 
studied. 
·In 1818 the first amino acid was isolated from cheese 
by Proust (1). But to Braconnot (2) goes the credit of 
preparing and identifying glycine by boiling gelatin and 
meat with sulphuric acid - the first recorded case of pro-
duoing an amino acid as the primary decomposition product 
of a protein. No one else, known, seems to have noted that 
this experiment afforded chemistry with a new method for 
preparing other primary decomposition products from proteins.~ 
(! 
'I Not until 1846 was another amino acid discovered when ): 
Liebig (;), prepared a crystalline substance by the hydrol-
ysis of casein by strong alkali which was identified as 
tyrosine the next year. Nineteen years later, Oramer (4) 
isolated serine by the hydrolysis of silk with sulphuric 
acid. In 1867, Kuhne (5) submitted an entirely new method 
for the study of proteins by isolating both tyrosine and 
leucine by digesting a protein with tryptic enzymes. Here 
again - no one else at this period seems to have noted the 
possibilities of this new method for general application. 
Since this date, many more amino acids have been discovered. 
and identified; but a survey of the methods employed ·reduces 
all of them to the hydrolysis of a protein by the assisting 
action of (l) an acid (6), (2) an alkali and (;) an enzyme. 
Theoretically any acid that ionizes might be 
used; but either sulphuric or hydrochloric acids can be 
depended upon to produce complete hydrolysis. The protein 
must be suspended in water heated to its boiling-point. 
The time required for completion of hydrolysis is variable 
and seems to be a peculiarity of the particular protein in 
question. 
B. Hydrolysis by Alkalies. 
The hydroxides of sodium, potassium and barium 
cause rapid and complete hydrolysis. Unfortunately, race-
mization of the amino acids into their optically inactive 
form occurs and therefore, this type of hydrolysis is rarely 
used. 
c. Enzymatic Hydrolysis. 
As is well known to every physiologist, trypsin l 
1: 
l! 
!: 
from the pancreas has the power to convert the products of 
peptic digestion into amino acids - or even the proteins 
themselves. When the latter occurs, the process is slow 
and not always complete. 
i .·,.-·-.;._•· .. 
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Tyrosine 
History (7). 
As already noted in the introduction (~), Liebig 
made an investigation into the nature of the products 
1: 
)! 
II 
I! 
I! 
li 
1: 
li 
I! 
obtained from the decomposition of a protein with an alkali. ~ 
He fused crude casein with an equal weight of potassium 1 
hydroxide, dissolved the mass in hot water, acidified with I 
I! / J 
acetic r{cid and let cool. Unknown crystals of needle-like ! 
form were obtained. A year later he wrote a second paper (8)J 
in which he described the preparation~~ this substance from I! 
.· I 
fibrin and also from serum albumin and named it tyrosine. 
In 1848, de La Rue (9) obtained ty,rosine while in-
vestigating the composition of the cochineal insect and 
determined its formula as 018H11N06 (OgH 11NOa)with modern 
atomic weights). He found it to be the same product obtain-
ed by Liebig from casein. 
Bopp (10) in 1849 made further investigation as to 
the best method whereby tyrosine could be obtained from 
casein, fibrin and serum albumin. He finally adopted the 
following procedure. Boil casein with hot concentrated 
hydrochloric acid from 6 to 8 hours - (although he also 
favored the use of mixtures of concentrated hydrochloric 
acid with concentrated sulphuric acid). This is the first 
. ·~· 
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recorded successful hydrolysis of a protein by hydrochloric 
acid. The acid is then removed with calcium carbonate and 
heated to expel any ammonia. The calcium is then removed 
I 
il 
:! 
Ji 
li 
with sulphuric acid; the excess of sulphuric and hydrochloric li 
II 
acids by adding lead oxide; the excess of lead by adding 1: 
li, hydrogen sulphide gas. Filter, evaporate filtrate to small i 
I 
volume, and separate the tyrosine from the syrupy mother 
liquor by dilution with 80% alcohol (~ in which the tyro-
sine is soluble). This really gives a mixture of tyrosine 
and leucine. 
ji 
i! I 
II II 
II 
,I 
About this same time, Hinterberger (11) prepared I 
He found ~ tyrosine by the sulphuric acid hydrolysis of horn. 
that he had produced a compound identical with those obtain-
ed by Liebig and Bopp. 
I~ remained for Habermann and Ehrenfeld (12) to solve 
the problem of separating the tyrosine from the ever-accom• 
panying leucine by observing that leucine is soluble in 
glacial acetic acid and tyrosine is not. 
i! 
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Preparation of Tyrosine and Leucine by Acid Hydrolysis. 
1 
In the various editions of Hawk's Practical Physiologi 
ical Chemistry (1;) we find an experiment for the preparatio~: 
of tyrosine which is a simplified modification of Bopp's 
method. The quoted experiment follows: 
Treat the protein (coagulated egg albumin) in a large 
flask with water containing ;-5 per cent of H2 S04 and place 
it on a water-bath until the protein material has been de-
;: il 
!i ,, 
Jl 
il ,, 
I ,, 
! 
i 
insoluble residue.
1
i 
filtrate with ~ 
composed and there remains a fine, fluffy, 
Filter off this residue and neutralize the 
Ba(OH) 2 and BaCOs• Filter off the precipitate of BaS04 
which forms and when certain that the fluid is neutral or 
faintly acid, concentrate (first on a wire gauze and later 
on a water-bath) to a syrup. This syrup contains the end-
products of the decomposition of the protein, among which 
are proteoses, peptones, tyrosine, leucine, etc. Add 95 per 
cen~ alcohol slowly to the warm syrup until no more precipi-
tate forms, stirring continuously with a glass rod. This 
precipitate consists of proteoses and peptonea. Gather the 
sticky precipitate on the rod or the sides of the dish and, 
.. 
after warming the solution gently for a few moments, filter 
it through a filter paper which has not been previously 
moistened. ••••••••• 
The leucine and tyrosine, etc., are in solution in the 
it 
J 
1: 
r 
I 
)': I! 
! 
I 
warm alcoholic filtrate. Concentrate this filtrate on the 
water-bath to a thin syrup, transfer it to a beaker, and 
allow it to stand over night in a cool place for crystal-
lization. The tyrosine first crystallize·s,· followed later 
by the formation of characteristic crystals of impure leu-
cine. After examining these crystals under the microscope, 
strain off the crystalline material through fine muslin, 
heat it gently in a little water to dissolve the leucine 
(the tyrosine will be practically insoluble) and filter. 
Concentrate the filtrate and allow it to stand in a cool 
place over night for the crude leucine to crystallize. 
Examination of the experiment reveals that the 
quantities of materials required, time required for hydroly- , 
sis and temperature for hydrolysis are not given; only the 
strength of the sulphuric acid is suggested. A series of 
experiments 'WJI;.S,; therefore, mapped out in order that exact 
data migh~ be obtained. 
In the first six trials; (1) the protein used was com-
mercial egg albumin, (2) the quantities of materials used 
were selected b'y trial, (;~) the strength of eulphurio acid 
~ 
in the mixture was placed at 4.5 per cent, (4) the mixture 
was heated in an open round bottom short neck flask on a 
water-bath for si~een hours. 
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The following table gives complete detail a. 
l 
Table I. 
I 
Trial Wt. Egg Water co. of Size Time Result.e ~ 
No. Albumin cone. Flask 
sulphuric I I acid I 
I 
1. 20 gms. 100 oc. 2.5 oc. 500 co. 16 hrs. Inc om- I plate I 
I 
2. 20 gms. 200 oc. 5.0 oo. 500 co. 16 hrs. fl. I 
I : 
;. 20 gms. ;oo cc. 7.5 co. 1000 co. 16 hrs. II I 
I 
I 4. 10 200 5.0 500 16 hrs. It I gms. co. 00• co. I I 
II 
!· 
5. 10 gms. ;oo co. 7.5 co. 1000 co. 16 hrs. " j: li 
At>~c..""- II e"' \'{ 
6. 10 gms. 4oo co. 10.0 co. 1000 co. 16 hrs. Com- !! 
plate I' ~ 
\ 
i 
At the end of the period of hydrolysis, the liquid t 
portion of the content had turned a dirty brown color,; and ~ r,-, 
t~ 
in the first five trials a portion of the protein remained Jr )' 
• 1'l -~ 
,, 
•. ---~~r . ..,.,.,..~"¥,;;;;••;-·--"·\~"~"1 ,' ~ > ••. , • -~-. ,: ' .I "":•.,: ~ , • 
I 
I 
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unaffected by the reaction, more in those trials where a 
relatively lesser quantity of water was used. Only in trial ' 
No. 6, had all of the protein apparently hydrolyzed. The 
experiment was then carried through its varicus procedures 
as indicated in the original for all six trtals; but no 
evidence of the presence of either tyrosine or leucine 
could be found in the final alcoholic extract. 
I~ is evident that hydrolysis had no~ been complete 
to the amino acid stage - although considerable proteosea 
and peptones were precipitated by the alcohol. Apparently 
then one must conclude that (l) the amoun~ of water, (2) the 
time of hydrolysis or (;) the temperature, either singly or 
all together, were insufficient. The amount of water could 
not have been entirely the deciding factor, ·for one must 
believe that at least some tyrosine should have been pro-
duced - even though all of' the protein was not converted. 
To increase the time factor would practically defeat the 
purpose of' the experiment; sixteen hours is itself' a long 
time - and to increase it would make the total time to be 
spent on this experiment rather unfit for laboratory pur-
poses. By exclusion, it is more likely that the water-bath 
was the most ineffective factor. It was therefore decided 
to abandon the water-bath and substitute the reflux-condone-: 
er. 
. ====~c====~~===,=======·~•·•= 
10. 1 
In this new series 10 grams of egg albumin, 500 co. of 
water and 12.5 co. of sulphuric acid (4.5%) were mixed to-
gether in a 1000 cc. round bottom short neck flask and re-
fluxed. After four hours of boiling, the contents of the 
flask were removed, and the procedure of the experiment con-
tinued to conclusion. No crystals of tyrosine or leucine 
were observable under the microscope - only fragments of 
organic matter. The next trial was hydrolyzed two more hours 
- carried through the procedure but with negative results. 
The time element was increased eventually to eighteen hours -
but in every case the final result was negative. 
In the first series of trials, comment was made to the 
effect that possibly the ratio of water to protein might not 
I 
,I 
have been large enough. In thi e series, adjustment was made li 
by increasing the ratio from 1:5 in trial No. 1 up to 1:40 in II 
trial No. 6 to a ratio of 1:50 in this second group of trials. j 
The complete details are given in ~able II. J 
1: 
\ \I ~' : \ 
~· 
A 
~ 
•' ,, • 
~ 
~ ~ 
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Table II. 
Trial Wt. of Am 1t. Cone. Time of Results 
No. Albumin \Vater H2 S04. Refluxing 
1· 10 gms. 500 cc. 12.5 cc. 4 hrs. Neg a-
tive 
8. 10 gms. 500 cc. 12.5 cc. 6 hrs. Neg a-
tive 
. 9. 10 gms. 500 co. 12.5 cc. 8 hrs. · Neg a~ 
tive. 
10. 10 gms. 500 co. 12.5 cc. 10 hrs. Neg a-
tive 
' 
11. 10 gms. 500 cc. 12.5 cc. 12 hrs~ Neg a-
tive 
. 
-~-~ ... . 
12. 10 gms. 500 cc. 12.5 oc. 18 hrs. Neg a-
tive 
.. 
Apparently refluxing was an improvement on the pre-
vious method of heating - for only a small amount of sedi-
ment occured in any of the trials. Hydrolysis to the 
.._. 
' 
li 
j 
I 
I I 
I 
I 
I 
~· "'-->-~- ---
--- ·--~--::. .. ::.··'·f······ 
proteose and peptone stages w~• reached, as shown by the 
abundant alcoholic precipitate. But apparently the factor 
which makes completion of hydrolysis possible, had not as 
yet been found. 
At this point, the possibility that egg albumin is a 
protein that resists complete hydrolysis under the limita-
tiona of this experiment brought about ·the decision to try 
I 
' I 
I 
I 
'I 
l2.1i 
II 
it 
II 
!i 
,! 
1: 
J ,, 
li 
I' I 
I 
I 
I 
r 
I 
a different cheaper protein - commercial casein. In this li 
form, the protein occurs as a pale yellow, granular substance,jj 
in which the particl~s are exceedingly hard. Extraction of 
a portion with ether gave evidence of a trace of oil. In 
order then, to overcome any difficulties traceable to the 
presence of oil and the nature of casein's physical state, 
the material used was (l) extracted with ether and (2) soaked 
in water for 48 hours. With this treated casein, another 
series of four trials were made with the same quantities of 
materials as quoted in the second series. 
The complete statistics are shown in Table III. 
=9~=============-========== 
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Table III. 
Trial Oasein Water Oono. Time of Results No. Sulphuric Refluxing 
Acid 
1;. 10 gms. 500 co. 12.5 co. 6 h'rs. Heavy 
Sediment 
14. 10 gms. 500 oc. 12.5 oc. 12 hrs. Hydroly-
sis 
15. 10 gms. 500 cc. 12.5 co. 18 hrs. appar-
en1:.1y 
16. 10 gms. 500 cc. 12.5 oc. 24 hrs. complete 
In 1:.rials Nos. 14, 15 and 16 there resul1:.ed a faintly 
cloudy brown-colored solution withou1:. a sediment. To all 
w.~.s 
appearances hydrolysis m~at ~e complete. Yet, when this 
series of hydrolysate& ~a carried through the remainder 
of the experimental procedure, the same results as in the 
two preceding series were obtained, i.e. an abundance of 
proteoses and peptones - but no tyrosine or leucine in the 
final solution - as verified by the microscope. 
il 
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At this point one might consider the possibility that 
although hydrolysis might have proceeded to the amino acid 
stage, (1) the acids might have become entangled in the 
abundant precipitate of (a) barium sulphate or (b) of 
might have failed to crystallize out of the alcoholic solu-
procedure which was applied to trials Nos. 14, 15 and 16: 
1. (a) A portion of barium sulphate was shaken with 
some 95% ethyl alcohol which should dissolve any tyrosine 
or leucine which might be present but not the barium sul-
phate. Filtered and concentrated to a thin syrup and let 
stand over night in a cool place for crystallization. 
Examined a drop on a slide under the microscope. The result 
was negative. 
(b) A portion of the proteose-peptone precipitate was 
dissolved in water; but this procedure will not dissolve 
any crystals of tyrosine that might be present as its solu-
bility in water is only 1 part in 2450 parts at 17°0. (6). 
Filtered. A portion of warm alcohol was then poured through 
the filter paper, concentrated to a thin syrup and let stand 
over night in a cool place for crystallization. A drop on 
a slide was then examined under the microscope. The result 
was negative. 
15. 
2. If the dissolved tyrosine would not crystallize, 
there was hope that this effect might be produced by convert-
ing it into a compound that would through action with some 
organic acid; picric acid was chosen as a suitable reagent. 
Into each of three teet-tubes, 5 cc. of the final 
alcoholic extract was poured, together with 0.5 gm. of picric 
l 
hydroxide i 
II 
acid. Into one of the tubes, a few drops of sodium 
were added; into the second, a few drops of acetic acid; 
nothing was added to the third teet tube. The three tubes 
were now warmed and shaken to dissolve the picric acid, and 
then let stand for 24 hours. At the end of this time, a 
drop from each of the three solutions was placed upon a slide 
and examined under the microscope; only fragments of organic 
matter and minute crystals of picric acid could be distin-
guished. 
The three foregoing tests demonstrated beyond a 
doubt that no crystals of tyrosine could have been formed at 
any stage of this series of experiments. 
li 
! 
I 
A fourth series of three trials ~ now attempted 
using larger quantities of materials than in the previous 
series. This conclusion was adopted on the basis that since t 
egg albumin contains only 4.67% of tyroeine,and,casein 
6.50% (14), there remains the probability that should the 
,, 
II 
,l 
,j 
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16. II 
I' conditions of this experiment allow completion of hydrolysis li 
only to a limi-ted exten-t, 'the amount of the product migh-t be ~~:., 
too minute to identify. Accordingly 200 grams of prepared 
commercial casein, 2000 co. of water together with 80 grams 
(44 co.) of cone. sulphuric acid (equivalent to 4%) ware 
refluxed in a three liter round bottom long neck flask -
for the periods of 12, 18, and 24 hours respectively -
as shown by ~able IV. 
Table IV. 
~rial Wt. Water Oonc. Time of Resul-t 
No. Casein Sulphuric Refluxing 
Acid 
17. 200 gms. 2000 cc. 44 co. 12 hrs. Dark 
' i 
I 
i 
I! ,, 
1: 
1, 
li 
I; 
ii 
H 
i Brown i: 
so-];uti·on· 1: 
-
18. 200 gms. 2000 co. 44 co. 18 hrs. 
no 
sedi-
19. 200 gms. 2000 co. 44 co. 24 hrs. ment 
When, however, the hydrolysate was carried through the 
usual procedure of the experiment, the same disappointment 
was obtained as in the previous three series; plenty of 
I 
I, 
l: 
I ,, 
,, 
d 
; 
----r-----~~--------~------- ------------------------
I 
proteoses and peptones, but no amino acids. We may concl ude,l: I; 
then, that the prospect suggested for this series had no i 
foundation; that in none of the series was any amino acid 
produced; that the factor which will complete hydrolysis to 
the amino acid stage has not as yet been found. 
After a review of all the factors involved in this 
experiment, reconsideration was given to the physical state 
of the protein, the point at issue being ita solubility. 
An examination-of commercial casein proved it to contain 
lactalbumin,· milk salts, lactose and lipoids. It was, 
therefore, decided to use pure casein. (See foot note.) 
With this new material, a fifth series of three trials 
were carried through with the following mixture: 
! 
20 grams pure casein, 200 grams of water with 5.5 oc. (10 gms) 
I 
cone. sulphuric acid (equivalent to 5.0%) in a 500 co. round 
bottom short neck: flask - refluxed for 6 hours, 1; hours 
and 20 hours respectively. The data is given in Table V. 
- - - - - - -
Foot.note: Oasein-Harris contains casein 87.09%, 
moisture 10.7;%, remaining constituents 2.18%. - Supplied 
by Harris Laboratories, Tuckahoe, N.Y. 
= 
I 
I 
= 
Trial Oasein Water 
No. 
20. 20 gms. 200 co. 
21. 20 gms. 200 co. 
22. 20 gms. 200 cc. 
Table v. 
Oono. 
Sulphuric 
Acid 
5.5 cc. 
5.5 co. 
---------,---------
Time of Results 
Refluxing 
Dark 
6 hrs. brown sol. 
20 hrs. 
Slight 
sediment. 
Hydrolysie 
apparently 
complete 
I The hydrolysate was removed, neutralized and carried f 
through the routine procedure already noted in the previous r 
I. 
series. For t.he fifth time, the results were again negative; il 
plenty of prot.eoses and peptones - but no t.yrosine. 
At. this point, one may note that in the five series 
just reviewed, cognizance has been given to all of the 
} 
indeterminate factors and in each case with negat.ive results. , ; 
So far it has been assumed that the one given factor was 
correct, i.e. - ~-5% sulphuric acid. Examination of the 
written data of investigato:Da who have experimented with the 
hydrolysis of proteins through the action of sulphuric acid, 
' / ' 
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one may observe that Gertner (6) recommends 25%; Dakin (15) 
25%; Osborne and Jones (16) ;;%, all with periods of hydroly-:J 
sis extending from 12 to 24 hours. Using these figures as 
a foundation, Trial No. 2; was performed with the following 
quantities of materials: pure casein, 20 gms.t water, 
200 gms.; cone. H8 so,., 100 gms. (54.6 co.) ~ equivalent to 
;;.;%. After 20 hours of hydrolysis by usa of the reflux 
condenser ~ a slightly cloudy dark brown solution resulted 
without an apparen~ sedimen~. On filtering, a fine black 
coating appeared on the surface of the filter paper,· demon-
strating that with this strength of sulphuric acid a moder-
ate amount of carbonization occurred. When the filtrate 
had been carried through the remainder of the procedure and 
a drop of the evaporated alcoholic extract was examined on 
a slide under the microscope, crystals of a number of the 
amino acids were plainly observable ~ particularly tyrosine 
and incidentally leucine. It must be concluded that the 
. 
missing factor i.a.,· a high percentage of sulphuric acid, 
had at liast been found • 
......... 
Throughout this thesis, attention has been directed 
only to the preparation of the hydrolysate and then to the 
failure or success in obtaining the final product. Nothing 
has been inferred or quoted that would give definiteness 
il 
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II 
1,11 or·improvement to the procedure of the intermediate part of 
the experiment.· Raving now proven tha~ the experiment is I 
performable; changes and improvements that were incorporated\ 
in~o ~he procedure (as ~he numerous ~rials wore repea~ed) I 
may be briefly discussed for later incorporation into the 
revised experiment. 
The first problem occurred in neutralizing the 
·filtrate with Ba(OH) 8 and Ba003 • Using a saturated solution 
of the former gave immense volumes of solution, too great 
for easy manipulation; addition of the latter - caused 
tremendous frothing due to the release of carbon dioxide 
gas. Again;' after enough Ba003 had been added to approach 
'l the neutral point;' the pasty mass produced made a difficult i 
medium for the introduction of any indicator paper which 
was promptly coated with barium sulphate, etc. ~ and the 
resulting color obscured. According to the equation for 
interaction of sulphuric acid with barium carbonate, 2 parts 
by weight of the'carbonate will react with 1 part of acid. 
Owing to the mechanical difficulty of mixing the carbonate 
with the hydrolysate as well as the impurity of the commer• 
cial carbonate,~ there seemed to be required from 8 to 9 
times the weigh~ of carbonate to the weight of acid in order 
to acquire a mass that was neutral using litmus,paper as 
an indicator. Finally the problem was solved as follows; 
It 
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21. II 
commercial barium carbonate six times the weight of the 
sulphuric acid used in the hydrolysis, was added and the 
mass stirred vigorously. ·Filtered. The precipitate was 
then shaken with boiling water (to dissolve any entangled 
amino acids) and this mixture filtered. The two filtrates 
were then added together. To thi:s was added saturated 
barium hydroxide solution until the desired neutral point 
was obtained. 
· It was also discovered that when the hydrolysate was 
exaotly neutralized and then stood for several days before 
completion of the experiment, that decomposition with 
liberation of ammonia, occurredJ to prevent this, it was 
decided to stop attempted neutralization when faintly acid. 
Matthews (17) made note of this problem in the neutralization 'i 
of acid hydrolysates and suggested that the final medium be 
that was acid to litmus but no longer acid to 6ongo red. 
Since litmus paper stays red in solutions having a pH value 
of 6 or less and Congo red ceases to change color in solu-
tions that have a pH value greater than 5, it is evident 
that the application of this suggestion will give a faintly 
acid hydrolysate approximating pH • 6. 
It might·be of interest to explain why tyrosine and 
leucine (1) appear inseparable and (2) seem to separate so 
-~~--.---------- ---------~------------------------
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easily from 'tohe other amino acids produced. Tyrosine and il 
' II leucine are t.he least soluble in water of all the amino acidsJ;1 
I 
For this reason j( 
II 
and tyrosine is less soluble than leucine. 
recrystallization of the first crop of crystals obtained 
from t.he alcoholic extract from hot water will produce 
II II 
II 
li 
approximately pure tyrosine with some leuoinej' ·upon :filter- !j 
ing, ·and allowing -the filtrate to etand, leucine will I 
11 .a. 1' I crysta ize. By carrying ou ... a series of fractional orysta - ll 
lization, in which the leucine is dissolved in the least 
possible quantity of boiling water ~o which has been added 
just enough ethyl alcohol to produce a sligh~ cloudiness, 
. 
leucine will crystallize in thin hexangular plates. (See 
foot note.) 
Foot note: I am indebted for this suggestion for the 
crystallization of leucine from a letter addressed to 
L. c. Newell, Head of department of Chemistry at Boston 
University from D. Breese Jones - Chief of the Protein and 
Nutrition Division of the u.s. Dept. of Agriculture. 
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Preparation and Purification of Tyrosine. I! ,, 
li 
li 
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1 
I 
To 200 co. of water placed in a 500 co. round bottom 
short neck flask add 100 gma. of concentrated sulphuric acid 
and 20 gms. o£ pure casein. Set up the flask with a vertical i 
II 
Liebig condenser for refluxing; boil for twenty hours, by ~ 
~ 
r: 
11 
f 
!l 
which time the contents of the flask should consist of a 
dark brown fluid containing a fine insoluble residue. 
Filter. Dilute the filtrate with 800 co. of water; add in 
portions, 600 gms. of powdered barium carbonate, stirring 
vigorously. Filter. Wash the precipitate of barium sul-· 
phate with 300 co. of hot water and filter. Oombine the 
two filtrates and add saturated barium hydroxide solution. 
until the mixture turns blue litmus paper faintly pink, but 
is no longer acid to Oongo red paper. Filter, washing the 
precipitate in the filter with a small quantity of additional 
hot water; concentrate the total filtrate (first on a wire 
gauze and later on a water-bath) to a syrup (about 150 co.). 
This syrup contains the end products of the decomposition 
of the protein,· among which are proteoses, peptones,' tyro-
1 sine, leucine, etc. Add 95% alcohol slowly (about 600 co.) 
I to the warm syrup until no more precipitate forms, stirring !, 
~ continuously with a glass rod. This sticky precipitate 
h 
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24. 
consists of proteoses and peptones and most of it may be 
) gathered on the rod; the remainder settles in small hard 
11 ~ 
I 
lumps on the sides of the dish. Warm ~he solution gently 
for a few moment a;· then filter it through a filter paper 
which has not been previously moistened. 
! The tyrosine and the amino acids are in solution in 
~ the alcoholic filtrate. 
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Concentrate this filtrate on a 
water-bath to a thin syrup, transfer it to a beaker and 
allow it to stand over night in a cool place for crystalliza-
tion. The tyrosine first crystallizes, followed later by 
the formation of characteristic crystals of impure leucine. 
After examining these crystals under the microscope, strain 
off the crystalline material through fine muslin, recrystal-
lize it from hot water, the tyrosine separating in a fairly 
pure condition. 
Comment: Further research on this experiment should 
be continued in order to ascertain if it might not be 
possible to perform the hydrolysis with (a) less sulphuric 
acid or (b) shorter period of hydrolysis. 
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Leucine. 
Filter off the mother liquor from which the crystals 
of tyrosine were obtained in the previous experiment. Con-
centra~e the filtrate and allow it to stand in a cool place 
over night for the crude leucine to crystallize. Dissolve 
this crop of crystals in the least possible quantity of :: 
i ~ 
i 
boiling water. Filter, if necessary, adding to the hot solu• !1 
tion ~ust. enough ethyl alcohol to produce a slight cloudi-
ness. On oooling,-the leucine will crystallize in thin 
microscopic hexangular plates. 
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~ !i Preparation of Tyrosine and Leucine by Tryptic Digestion. a ,, 
!I 
I 
I 
I 
Although Kuhne in 1867 prepared tyrosine and leucine 1 
through the action of pancreatic secretion on egg albumin, 
few investigators since then have stressed this method as 
one that may be generalized. The explanation is probably 
found in the varying amounts of intermediate products that 
are obtained from different grades of the same protein as 
well as the many trysins of different origins on the market. 
The simplest experiment that could be obtained was 
one used by the department of Chemistry at the University 
of Michigan. (See foot note). The experiment was entitled 
"Products of Tryptic Digestion of Protein". While not 
written in the form desired for utilization in this thesis, 
it was possible by excluding undesired material to make a 
consecutive procedure for the preparation of tyrosine and 
leucine. 
Foot note: Obtained from a communication addressed 
to L.O.Newell, of Boston University from H.B.Lewis, Professor 
of Physiological Chei:listry, University of !!Michigan. 
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Products of Tryptic Digestion of Protein. 
Weigh out. 15 gm. of fine white casein, transfer to an- 1/ 
I, 
Erlenmeyer flask,~ suspend in 150 cc. ot' 0.5% sodium carbonate j\ 
li 
and shake vigorously. Part ot' the casein goes into solution. li 
'I 
Add 20 cc. of a 1% solution ot' commercial trypsin (pancre- I 
I 
atin) and toluene or thymol as a preservative. Stopper and i 
allow to stand for at least 5 days at room temperature. i 
I 
Neutral! ze ji 
. I 
I 
Remove the bulk of the toluene from the solution. 
the solution as exactly as possible, boil, and filter. It' II 
the filtrate is not clear, filter a second time. • • • • • • • • • • !I 
Evaporate the digest to a volume of '0 co., using 
first the free flame and completing the evaporation on the 
water bath. Transfer to a beaker and allow to crystallize. 
In a few days, tyrosine and leucine usually crystallize out. 
Examine the crystals under the microscope and sketch. 
Tyrosine crystallizes in sheaves of needles. Pure leucine 
crystallizes in white plates, but usually impure leucine 
contaminated with tyrosine is obtained from a tryptic 
digest,) which crystallizes in small rosettes, the so-called 
1 leucine balls 11 • 
The experiment was performed exactly as described, 
and under the microscope could be observed crystals of cb 
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leucine and the "leucine balls". 
i! 
!i 
II 
1\ !, 
·- ·~-· -.................. -- -· ---~------~ !i 
I 
,I 
II 
28==-=r~ 
i! 
I! Summary 
A. In studying the preparation and purification of 
Tyrosine and Leucine by the sulphuric acid hydrolysis of 
a. protein it may be concluded: 
I. that a. fixed weight of commercial egg albumin 
is heated with variable amounts of water containing from 
3 - 5% of sulphuric acid on a. water - bath for 16 hours, 
hydrolysis ceases at the peptone stage and no amino acids 
are produced; 
2. that when a. fixed weight of comnercia.l egg albumin 
is refluxed with 50 times its weight of water containing 
from 3 - 5% of sulphuric acid variable lengths of time ex-
tending from 4 to 18 hours, the hydrolysis stops a.t the 
peptone stage and no amino acids are produced. 
3· that when a. fixed weight of commercial casein is 
refluxed with 50 times its weight of water containing from 
3 - 5% of sulphuric acid variable lengths of time extending 
from 6 to 24 hours, the hydrolysis stops at the peptone 
stage and no amino a.~ids are produced. 
4. that when lQrge quantities of commercial casein 
and water containing from 3 - 5% of sulphuric acid are re-
fluxed variable lengths of time extending from 12 to 24 
hours, in the hope that small quantities of amino acids 
"' 
that might be lost when obtained from lesser quantities of 
.•./ 
I 
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29 
reacting materials might be produced in greater amounts, 
the hydrolysis ceased at the peptone stage and no amino 
acids are produced. 
5. that a fixed weight of pure casein is reflcixed 
with ten times ita weight of water containing 5% of 
sulphuric acid for variable lengths of time extending from 
6 to 24 hours, hydrolysis ceases at the peptone stage and 
no amino acids are produced. 
6. that when a fixed weight of pure casein is reflux-
1 
ed with ten times ito weight of water containing ;; / 5 of 
sulphuric acid for 20 hours hydrolysis is completed to the 
amino acid stage and tyrosine and leucine can be prepared. 
B. In studying the preparation of tyrosine and 
leucine by the tryptic digestion of a protein it may be 
concluded that when a fixed weight of pure casein is added 
to ten times its weight of 0.5% sodium carbonate solution containi 
containing pancreatin protected by a preser"S.ti v e, and the 
mixture allow~d to stand for five days, tryptic digestion 
will have decomposed the casein to the amino acid stage and 
tyrosin and leucine will have been produced. 
. 
• 
• 
Crystals of Tyrosine 
Crystals of Leucine 
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